Introduction
Colorectal cancer (CRC) is the second leading cause of cancer death. An estimated 135,000 individuals will be diagnosed with CRC, and 50,000 will die from CRC in 2017 [1] . Screening can play an important role in reducing burden from this disease [2] [3] [4] because early detection and treatment can prevent unnecessary cancer death and prolong the lives of patients when cancers are found at earlier stages. A major effort is underway to increase CRC screening in the United States [5] . The American Cancer Society and the National Colorectal Cancer Roundtable have worked with more than 1000 organizations to make the "80% by 2018" pledge [5] . This is a movement in which organizations commit to working toward the shared goal of screening 80% of Americans for colorectal cancer by 2018. Underserved populations, which historically have had lower screening rates, are a major target of these increased screening efforts.
Currently, the United States Preventive Services Task Force (USPSTF) strongly recommends (Grade A) that adults aged 50-75 complete regular CRC screening. The most commonly used CRC screening tests in the US are colonoscopy (recommended every 10 years) and fecal testing with high sensitivity guaiac or fecal immunochemical (FIT) test (recommended annually). Patient preferences for these tests may be driven by access (availability, insurance coverage), and social factors (costs, Abstract Colorectal cancer screening can prevent cancer deaths. Federally qualified health centers serve a unique patient population that often is not screened. Knowing who in this environment is getting screened via fecal testing and via colonoscopy can assist in tailoring intervention to raise rates of colorectal cancer screening. We examined patient-level and neighborhood-level characteristics associated with being up to date with colorectal cancer screening guidelines. We also examined associations between these factors and being screened with a fecal test. We observed an increase in colorectal cancer screening rates from 2010 to 2015. Adjusted analyses revealed that the following factors were significantly associated with colorectal cancer screening: aged 65 or older, having any type of insurance, previous outpatient visits, and current or other preventive screenings. Among adults aged 50-75 who were up to date with colorectal cancer screening, factors associated with use of fecal testing, as opposed to colonoscopy, were: being younger, speaking a non-English language, being uninsured, having prior office visits, and having had a flu shot in past year. Our findings may inform clinic-based effort to raise rates of colorectal cancer screening, especially in the 1 3 cultural norms) as well as by other pros and cons of each modality (invasiveness, frequency of screening).
Access and social factors may also account for lower uptake of CRC screening tests among patients who receive care at federally qualified health centers (FQHCs) [6] [7] [8] . Such individuals are largely uninsured or on Medicaid, predominantly non-white, and often have low education and income. In order to reach the 80% screening target by 2018, interventions that directly target these priority populations are needed.
The Strategies and Opportunities to Stop Colorectal Cancer in Priority Populations (STOP CRC) study is a large pragmatic trial that tests the implementation of health care system-based approaches to improve CRC screening rates in FQHCs through the use of FIT testing [9] . STOP CRC uses electronic health record (EHR) resources to optimize guideline-based screening in clinics whose patient populations have disproportionately low CRC screening rates [9] . Patients at those clinics who were not current for CRC screening were targeted with interventions designed to increase screening rates. Interventions included an introductory letter, a mailed fecal test, a reminder letter, and a Plan-Do-Study-Act (PDSA) cycle to further increase screening rates.
Prior research has indicated that factors including higher education, higher income, consistent health care patterns, male gender, and having insurance of any kind predict the likelihood of obtaining CRC screening [10] [11] [12] [13] [14] . However, additional information on individualand community-level factors that predict screening rates is needed in order to tailor behavioral interventions to specific communities to increase access to CRC screening [11] .
Social determinants of health (SDH) are non-medical factors that influence disease risks and outcomes [15, 16] . SDH include community-level factors that reflect living conditions and social context, as well as individual-level factors such as race, ethnicity, and household income. If documented, discussed, and addressed, SDH data can be used to facilitate disease prevention. Patient-level SDH data can help providers make targeted recommendations that are sensitive to a patient's specific circumstances. Communitylevel SDH data can be used to identify social and environmental barriers to screening, which can then be addressed through targeted interventions [17] . Understanding SDH in the context of analyzing health outcomes is important when designing programs that can improve health outcomes [18] .
Using data collected as part of the STOP CRC study, we identified individual-and community-level characteristics that predicted whether or not patients were up-to-date with CRC screening recommendations. We also identified characteristics that predicted mode of screening among screened patients. Identifying these characteristics will allow for better targeting of screening programs and outreach efforts.
Methods
Design of the STOP CRC project has been described elsewhere [9] . Data for these analysis consist of 31,287 eligible patients between the ages of 50-74 who were seen for an office visit at a participating community health center between 1/1/2013 and 12/31/2013. Patients were excluded if they had history of colorectal cancer, inflammatory colitis, end stage renal disease, or a total colectomy. Insurance coverage varied: 30.9% of participants were uninsured, 26.2% were on Medicaid, 27.4% were on Medicare, and 15.4% had commercial health insurance.
Data Sources
Screening information and individual-level variables were obtained from electronic health record (EHR) data from 26 Community Health Center (CHC) sites in Oregon and California that were part of the STOP CRC study. All participating CHCs were part of OCHIN, a nonprofit health care controlled network that provides centrally hosted EHR services to more than 460 CHCs in 18 states. Community-level variables for each CHC were obtained from the ADVANCE Clinical Data Research Network [19] . Community-level variables were collected at the tract level for all variables except for Emergency Department (ED) visits per 1000 enrollees, this was collected at the county level.
Variables
Completion of a FOBT/FIT or colonoscopy was determined through lab results and health maintenance updates in the EHR. CRC screening compliance was defined as not having received fecal testing in the past 12 months, flexible sigmoidoscopy within the past 5 years, or normal colonoscopy within the last 10 years as of 1/1/2014. Among those who were compliant, patients were categorized into those who used FOBT/FIT (including FOBT/FIT followed by a confirmatory colonoscopy) versus colonoscopy alone.
Independent variables included data at the following levels: (1) patient (age, gender, race, ethnicity, language, household income); (2) encounter (patient's insurance status, number of office visits in the past year, types of chronic health conditions, and other screenings); and (3) community (GINI coefficient as a measure of income inequality, percent of unemployment, percent of persons with a bachelor's degree or higher, population density, 1-mile access to a supermarket or large grocery store, urban/rural designation, and number of ED visits per 1000 enrollees).
Analysis
We used a generalized estimating equation (GEE) logistic regression model to assess the relationship between the variables of interest and screening compliance. The logistic regression test was used to calculate p-values for univariate models and the score tests was used to calculate p-values for multivariate models. This method accounts for multiple visits nested within patients. We used the same method to analyze factors associated with FOBT/FIT use among those who were up to date with screening. Variables that were significant at the 0.20 level in univariate analyses were included in an initial multivariate model, then reverse stepwise selection was used to remove variables until all variables in the model were significant at p < 0.05. Next, adjusted models were created that accounted for correlation within clinics: assuming an independent correlation structure; we applied a robust sandwich variance estimator to account for possible model misspecification. Analyses were conducted using PROC GENMOD in SAS version 9.4 (SAS Institute Inc., Cary NC).
Results
Across 26 clinics, we identified 31,287 patients with at least one clinic visit in 2013. Of them, 10,381 patients were CRC screening compliant on 1/1/2014. The proportion of patients up-to-date with screening in a year increased from 17.7% in 2010 to 46.8% in 2015, across all eligible patients (Fig. 1) . The proportion of all patients who were up-to-date due to FIT/FOBT increased from 11.3% in 2010 to 28.4% in 2015, and the proportion who were up-to-date due to colonoscopy increased from 7.3 to 21.0%. in the same period. Of the 10,381 patients who were up-to-date in their CRC screening, 42.7% were up-to-date because of prior fecal testing (including patients with a colonoscopy as follow-up to a positive fecal test) as opposed to colonoscopy only.
Factors associated with screening compliance are described in Table 1 . Age was the only individual-level characteristic that significantly predicted screening compliance in the adjusted model: older adults (ages 65-74) were significantly more likely to be compliant than younger adults (ages 50-64). Encounter-level characteristics that predicted screening compliance included insurance status (rates ranged from 22.5% for uninsured patients to 39.3% for patients with Medicare), number of office visits in the past year (rates ranged from 21.4% for those with one visit to 45.2% for those with six or more visits), and having received prior preventive care, such as Pap testing, mammography, and flu shots. No community-level variables persisted in the adjusted models.
Factors associated with FOBT/FIT use in the screening compliant group are described in Table 2 . Individuallevel characteristics that predicted screening by FIT/FOBT included age (44.5% for those aged 50-64 vs. 37.6% for those aged 65-75) and language (71.9% for Spanish speakers vs. 37.3% for English speakers). Encounter-level characteristics that predicted screening by FIT/FOBT included insurance status (ranging from 28.5% for those with commercial insurance to 65.5% for the uninsured), number of office visits in the past year (ranging from 37.8% for 1 office visit to 43.1% for 6+ office visits), and not receiving a flu shot in the last year (44.3% vs. 40.6% who did receive a shot). Again, no community-level variables persisted in the adjusted models.
Discussion
While CRC screening rates are increasing, more progress is needed to eliminate disparities and further reduce cancer burden. We sought to understand screening patterns in a Final model accounts for correlation within clinic, assuming an independent correlation structure. Model is adjusted for age group, language, insurance status, number of office visits in the past year, and flu shots in past year community clinics to better address barriers and challenges to increasing CRC screening. We identified several factors associated with screening compliance, and with use of FIT/FOBT in screening, for CHC patients in Oregon and California. Several encounter-level factors (insurance status, frequency of office visits, and prior screenings) were associated with being up-to-date with screenings. Knowledge of these associations can lead to clinical practices that target the specific needs of these patients. For example, knowing that uninsured patients are less likely to be screened opens an opportunity for providers to address benefits and barriers to CRC screening during an encounter. Further, understanding that having more office visits increases the likelihood of screening underscores the need to address CRC screening during a single office visit with patients who are not high utilizers, or to find other means, such as mailed FIT test programs, to address screening outside of office visits. Finally, given that patients who have other preventive care/screenings are more likely to have CRC screening, systems can specifically target patients without other preventive care in screening programs [19] .
The use of FIT/FOBT has been shown to increase screening among underscreened populations [20] . In this study, we found higher rates of FIT/FOBT use, relative to colonoscopy, among patients who were younger, uninsured, and Spanish-speaking. Screening by FIT can be more accessible for patient's due to the simplicity of the test and the removal of barriers that are common to colonoscopy completion (e.g., missed work, necessary bowel preparation). However, attention needs to be paid to ensure that colonoscopies following an abnormal FIT result are being completed [21] .
The predictors of screening in the FQHC population are important for communities that are trying to increase screening among priority populations. Examining community vital signs can help us understand unscreened populations. Although none of our community level variables remained in the adjusted models, social determinants of health and community-level data are an important part of the story, but additional exploration is required to further understand screening deficiencies to increase screening.
Strengths of this study include our ability to describe trends in CRC screening rates over several years in a large FQHC patient population, and our ability to assess community-related factors alongside encounter-level and individual-level factors. One limitation was that we were unable to include or describe patients without a recent visit to the clinic. Based on the patterns seen here, we could expect patients who did not have a recent visit to have even lower screening rates than those seen here. Additionally, we assessed screening from the medical record, and not from self-report. Because colonoscopies are not always adequately reported in the EHR [22] , we are likely underestimating screening rates in our sample. However, we would not expect reporting errors to differ by the factors of interest here, so the patterns we report are unlikely to be affected by this underestimation. By focusing our analysis on FQHCs, our findings provide insight into screening patterns amongst at risk populations, and are of particular relevance to heath care providers serving those populations. However, findings may not be generalizable to health care settings serving different patient populations.
We found that the most socially disadvantaged groups, specifically the uninsured, unemployed, and non-English speakers were more likely to complete fecal testing than colonoscopy. This suggests that programs that encourage FIT/FOBT use amongst these populations may be able to gain traction where efforts to encourage colonoscopies may not, and thus have the potential to dramatically reduce disparities in CRC screening. In general, targeting screening efforts to the specific needs and barriers faced by the FQHC population may increase screening rates, decrease disparities, and ultimately improve CRC outcomes.
